Aims: To determine the incidence and predisposing findings for choroidal neovascularisation (CNV) in a large series of highly myopic patients. Methods: The medical records of 218 consecutive patients (325 eyes) with myopic fundus changes in the macula were reviewed. The incidence of CNV during a follow up of at least 3 years of highly myopic patients and identification of predisposing findings for the development of myopic CNV were examined. Results: Among 325 highly myopic eyes examined, 33 eyes (10.2%) developed myopic CNV. The incidence was higher (34.8%) among the fellow eyes of patients with preexisting CNV than among eyes of patients without pre-existing CNV (6.1%). CNV developed in 3.7% with diffuse chorioretinal atrophy, in 20.0% with patchy atrophy, and in 29.4% with lacquer cracks. Conclusion: Approximately one in 10 highly myopic eyes developed myopic CNV in average 130.2 months. Patchy atrophy and lacquer cracks were shown to be important predisposing findings for CNV development.
H igh myopia is a major cause of legal blindness in many developed countries. [1] [2] [3] It affects 27% to 33% of all myopic eyes, corresponding to a prevalence of 1.7% to 2% in the general population of the United States. 4 In Japan, pathological or high myopia reportedly affects 6% to 18% of the myopic population, and around 1% of the general population. 5 High myopia is associated with progressive and excessive elongation of the eyeball. [6] [7] [8] [9] [10] As a result of excessive eyeball elongation, various funduscopic changes within the posterior staphyloma develop in highly myopic eyes. [11] [12] [13] [14] Among these myopic fundus lesions, macular choroidal neovascularisation (CNV) is the most common vision threatening complication of high myopia. [15] [16] [17] Despite the importance of CNV as a vision threatening complication, the incidence of myopic CNV has not yet been reported. Some previous reports described the prevalence of myopic CNV. 6 7 18 For long term management of highly myopic patients, however, it is more important to know how frequently new CNV occurs in myopic eyes. Also, to our knowledge, there have been no studies to investigate the predisposing findings for the development of myopic CNV.
In the present study, many highly myopic patients with myopic fundus changes in the macular lesion were followed, and examined for later development of myopic CNV. The incidence of myopic CNV was identified in these patients as well as possible predisposing findings for the development of myopic CNV.
PATIENTS AND METHODS
In all, 218 consecutive patients (325 eyes) with high myopia were identified using clinical records from 1988 to 2001 in the high myopia clinic at Tokyo Medical and Dental University and were enrolled in the present study. Informed consent was obtained from all patients. Approval from the ethics committee of the university was obtained. Inclusion criteria for this study were (1) refractive error of −8D or more; (2) fundus changes typical of pathological myopia within 1 disc diameter (DD) from the fovea centralis; and (3) minimum follow up period of 3 years. Ages of the patients ranged from 7 to 82 years (mean 48.3 (SD 14.8)). Refractive error ranged from −8. . Eyes with myopic CNV and patients with a follow up of less than 3 years were excluded from the study. The fellow eyes of patients with pre-existing myopic CNV were included in the study (46 eyes of 46 patients). Additional exclusion criteria included a history of retinal detachment surgery, diabetic retinopathy, or other retinal vascular diseases, glaucoma, and ocular injuries.
Routine ophthalmological examination, direct and indirect binocular ophthalmoscopy, slit lamp biomicroscopy with a contact lens, and fluorescein fundus angiography were performed in all patients. The patients were regularly examined at 6 month intervals. Classification of the posterior fundus changes at the initial examination was independently performed by three authors (KOM, TY, SF) according to Tokoro et al. 19 Among these fundus changes, diffuse chorioretinal atrophy, lacquer cracks, and patchy chorioretinal atrophy were investigated as possible predisposing lesions for the future development of myopic CNV. Only the fundus changes within 1 DD from the fovea centralis were examined as possible predisposing lesions. Figure 1 is a representative photograph of myopic fundus changes. Briefly, diffuse chorioretinal atrophy (D) appears yellowish-white in the posterior fundus ( Fig 1A) . In the present study, diffuse atrophy was defined as yellowish fundus without lacquer cracks. We considered lacquer cracks ( Fig 1B) as a separate category in the present study because a previous report described an important relation between myopic CNV and lacquer cracks. 15 The ophthalmoscopic finding of patchy atrophy (P) is a greyish-white, well defined lesion (Fig 1C) . The development of CNV was confirmed by fluorescein angiography. For the patients who developed CNV during the follow up period, the changes in the myopic fundus that existed in the macula before CNV development were identified as predisposing findings of myopic CNV.
Statistical analyses utilised the χ 2 test and Mann-Whitney U test. Probability values smaller than 0.05 are considered to be statistically significant.
RESULTS
The follow up period in all patients examined ranged from 36 to 314 months (average 130.2 (69.3) months). Fundus changes at the initial examination were diffuse atrophy in 243 of 325 eyes (74.8%), patchy atrophy in 40 of 325 eyes (12.3%), and lacquer cracks in 51 of 325 eyes (15.7%). In one eye (0.3%), an extremely large optic disc conus reached within 1DD from the fovea centralis.
During a follow up period, myopic CNV eventually occurred in 33 of 325 eyes (32 patients; 10.2%). Among these 33 eyes that later developed myopic CNV, CNV occurred in nine eyes with diffuse atrophy, in eight eyes with patchy atrophy, in 15 eyes with lacquer cracks, and in one eye with a large myopic conus. According to each fundus lesion category, CNV developed in nine of 243 eyes (3.7%) with diffuse atrophy, in eight of 40 eyes (20.0%) with patchy atrophy, in 15 of 51 eyes (29.4%) with lacquer cracks, and in one of one eye with a large myopic conus.
Among the 33 eyes that developed myopic CNV, 16 eyes (48.5%) were the fellow eyes of patients with pre-existing myopic CNV. In other words, among 46 fellow eyes of patients with pre-existing myopic CNV, 16 of 46 eyes (34.8%) also developed myopic CNV during the follow up. The incidence of CNV in the fellow eyes of patients with pre-existing myopic CNV was significantly higher than that in eyes of patients without pre-existing CNV (34.8% v 6.1%) (p = 0.0001, χ 2 test). There was no significant difference in age, refractive error, axial length, or logMAR between the two groups at the initial visit (data not shown). In 16 fellow eyes of patients with preexisting myopic CNV, CNV developed within 91.7 (52.4) months (range 22-175 months) on average after the occurrence of myopic CNV in the first eye. In 16 fellow eyes of patients with pre-existing myopic CNV, CNV developed in five of 35 eyes (14.3%) with diffuse atrophy, in three of four eyes (75.0%) with patchy atrophy, and in eight of 15 eyes (57.1%) with lacquer cracks.
Representative cases are shown in Figures 2 and 3 .
DISCUSSION
To our knowledge, this is the first report describing the predisposing findings for and the precise incidence of myopic CNV in a large series of highly myopic patients. In the present study, over a follow up period of at least 3 years, myopic CNV developed at a rate of 10.2% (33 of 325 eyes), demonstrating that approximately 1/10 of highly myopic eyes with myopic fundus changes in the macula can develop myopic CNV within 3 or more years. Also in the present study, 46 of 325 eyes were actually the fellow eyes of patients with pre-existing myopic CNV. The result indicated a higher incidence of CNV development in the fellow eyes of patients with pre-existing CNV (34.8%) than eyes of patients without pre-existing CNV (6.1%). The mean period until the development of CNV in the second eye after the development of CNV in the first eye was relatively long, 91.7 (52.4) months. Thus, this study indicates that CNV occurs in the fellow eyes of patients with pre-existing myopic CNV at a high rate (more than 30%) within approximately 8 years after CNV development in the first eye. Therefore, a careful and long term follow up is recommended, especially for the fellow eyes of patients with pre-existing myopic CNV.
The present study demonstrated that among various myopic fundus changes, patchy atrophy and lacquer cracks are especially important predisposing lesions. Twenty per cent of eyes with patchy atrophy within 1DD from the fovea centralis and 29.4% of eyes with lacquer cracks developed myopic CNV during the follow up period. Although lacquer cracks have been the only lesion regarded to have an important relation with myopic CNV. 15 no reports have demonstrated the development of CNV at the site of the lacquer cracks. Lacquer cracks are considered to represent mechanical fissures in the retinal pigment epithelium-Bruch's membranechoriocapillaris complex secondary to eyeball elongation in highly myopic eyes. 12 Thus, the present study suggests that a wound healing mechanism might underlie the development of CNV in some myopic patients.
Patchy atrophy is the second most common predisposing finding for the development of CNV. Patchy atrophy is considered to represent complete atrophy of the retinal pigment epithelium and choriocapillaris. 19 Although the mechanism of the development of CNV in eyes with patchy atrophy is unclear, it is likely that retinal pigment epithelium and Bruch's membrane are mechanically damaged at the edge of these lesions, and this might result in later development of CNV.
In summary, approximately 10% of highly myopic eyes with myopic fundus lesions within 1DD from the fovea develop myopic CNV within an average of 130.2 months. In particular, eyes with patchy atrophy or lacquer cracks around the macula have a higher risk of developing myopic CNV (around 20%). Also, in the fellow eyes of patients with pre-existing myopic CNV, the incidence of developing CNV in the second eye is higher than that in the eyes of patients without pre-existing CNV. Almost 30% of the fellow eyes of patients with pre-existing myopic CNV eventually develop CNV within an average of 8 years. These findings might be very beneficial for the clinical management of high risk patients. Some patients rate risk of complications not worth the wait for cataract operations S ome older patients are theoretically willing to trade a higher risk of complications against shorter waiting times for cataract operations, a survey has disclosed. In a radical proposal, the finding might permit patients a choice between risk and waiting time by opting for a junior or consultant surgeon, say the investigators.
The interview survey of a sample of the general public in the UK aged 60-84 showed that the 146 respondents rated the risk of complications and waiting time as more important than surgeon grade (median importance score 46% , 41% v 13%, respectively). However, analysing the non-normally distributed responses on an individual basis showed that for some respondents risk of complications was more important than waiting time-and vice versa. The sample was typical of the general UK population for age, sex, cataract, and Jarman deprivation scores. The characteristics of the responders and non-responders were similar. Only length of education and being a driver or doing some other visually exacting tasks influenced preferences-making risk of complication more important.
The interviewees were systematically selected from GP registers in one health authority, those with difficulties in communicating or aged over 84 being excluded. They were presented with an array of 11 theoretical options around permutations of waiting time (4, 8, and 16 months), complication rate (1%, 5%, !0%), and surgeon grade (junior/consultant), which they had to choose between in order of preference. The data were analysed by conjoint analysis.
